New high-precision CCD photometric light curves of two contact binary stars, TYC 1337-1137-1 and TYC 3836-0854-1, are displayed and analyzed by using the Wilson-Devinney (W-D) program. The light curve solutions show that both of them are low-mass ratio, deep overcontact binary systems with a mass ratio of q=0.1716±0.0010 and a high fillout factor of f=76.0±2.9% for TYC 1337-1137-1, and q=0.1900±0.0032 and f=79.4±7.9% for TYC 3836-0854-1, respectively. These results indicate that they are near the end evolutionary stage of contact binaries. The absolute parameters were calculated by using the new method of mass-radius relationship (0.238 ± 0.009 M e and 1.386 ± 0.050 M e for TYC 1337-1137-1, 0.228 ± 0.014 M e and 1.20 ± 0.07 M e for TYC 3836-0854-1, respectively). The preliminary orbital period analysis suggests that long-term period increases exist for both of them, which may be interpreted in two possible ways. A first possibility is mass transfer conservation from the less massive component to the more massive one leading to an orbital period increase. In this case, when their orbital angular momentum is less than three times the total spin angular momentum, they may evolve into a rapidly rotating single star. A second possibility is that the parabolic variation in the (O − C) diagram is only a part of a long-period cyclic change caused by a potential third body. In future, more high-precision observations of these two binaries are needed to confirm the form of orbital period changes.
Introduction
W UMa-type contact binaries are late-type close systems with orbital periods in the range from 0.2 to 0.5 days and effective temperatures from 4000 to 7500 K (e.g., Qian et al. 2017) . Contact binary systems with mass ratios less than 0.25 and fillout factors greater than 50% are quite interesting because they are progenitors of some fascinating objects and related with several key astrophysical processes. Recent investigations showed that they may be the progenitors of luminous red novae similar to V1309 Sco (e.g., Tylenda et al. 2011; Zhu et al. 2016) . They are a very important kind of binary that may further our understanding of the phenomena of blue Straggler/FK Com-type stars that is an unsolved problem (Acerbi et al. 2014) . They are at the end stage of the evolution of contact binary stars and provide a good chance to study several important questions, e.g., the merger of contact binaries, mass transfer and loss. This type of low-mass ratio, deep overcontact binaries were studied by several authors (e.g., Qian et al. 2005a Qian et al. , 2005b Qian et al. , 2006 Qian et al. , 2007 Qian et al. , 2011 Sriram et al. 2016) . In the present paper, we investigate two such systems in details.
TYC 1337-1137-1 (GSC 01337-01137, ASAS J063546 +1928.6, 2MASS J06354622+1928280) is an ASAS contact binary listed by Paczyński et al. (2006) . Its period is 0.475511 days, the maximum brightness and the amplitude of variation in the V filter are 9 95 and 0 43 (Gezer & Bozkurt 2016) , respectively. Thereafter, several times of light minima were published by several authors. Recently, Gezer & Bozkurt (2016) analyzed the single V band light curve with the PHOEBE software (Prša & Zwitter 2005) , and preliminary photometric solutions were obtained. The absolute parameters were estimated using the correlation given by Cox (2000) : M 1 =1.19 M e , M 2 =0.206(5) M e , R 1 =1.63(1), and R 2 =0.70(1). They concluded that TYC 1337-1137-1 could be put into the group of low-mass ratio, deep contact binaries studied by Qian et al. (2005a) . Therefore, we deemed it necessary to re-observe and re-analyze multi-color light curves of this binary system, understand the evolutionary state, and investigate orbital period changes of TYC 1337-1137-1.
TYC 3836-0854-1 (=GSC 03836-00854, NSVS 2657878) was first identified by the Northern Sky Variability Survey (NSVS) 7 as a variable. It was initially classified as a contact binary with a period of 0.41554 days and a range of R variation between 10.134 and 10.574 magnitude by Gettel et al. (2006) . The first CCD B, V and I c symmetric light curves of TYC 3836-0854-1 were presented by Acerbi et al. (2014) . They revised the orbital period to 0.4155590 days. Based on their data, TYC 3836-0854-1 was classified as a high fillout, extreme mass ratio over-contact binary (mass ratio q = 0.206, fillout factor f = 59.2%), suggesting that it was in the late stage of overcontact evolution (Acerbi et al. 2014) . The absolute parameters were estimated from the log T eff −log L diagram: M 1 =1.383 M e , M 2 =0.284 M e , R 1 =1.500, and R 2 =0.763.
Observations and Light-curve Analysis

Observations
We observed the first CCD multi-color BV(RI) c light curves of TYC 1337-1137-1 on 2016 January 15 and 20 with the Andor 2048×2048 CCD photometric system connected to the 1.0 m Cassegrain reflecting telescope at Yunnan Observatories (YNOs) in China. In the observing process, the exposure times for the BV(RI)c bands were set to 20 s, 10 s, 5 s, and 5 s , respectively. A total of 653, 650, 649, and 647 images in B, V, R c , and I c bands were obtained, respectively.
By using the 85 cm telescope at the Xinglong Station of National Astronomical Observatories (NAOs) in China, new CCD photometry of TYC 3836-0854-1 was performed from 2017 February 7 to 9. The terminal of the telescope is a highperformance Andor CCD camera and UBV(RI) c filters were selected for the object. The integration times, related to the filters and weather conditions, were set to 10 to 50 s. A total of 333 points in U band, 330 points in B band, 337 points in V band, 324 points in R c band, and 334 points in I c band were obtained. Additionally, complete R c light curves of TYC 3836-0854-1 was observed with the 50 cm telescope at the Sternberg Astronomical Institute of Russia. Table 1 lists the coordinates of the variable (V), comparison (C) and check (Ch) stars. The observed images were reduced by using PHOT of the IRAF aperture photometry package. The three groups of phased light curves are plotted in Figure 1 , where the differential magnitudes between C and Ch stars are also displayed in the lower part. The light curves of both objects show total eclipses at secondary eclipse (phase=0.50 P). All observations are tabulated in the form of heliocentric Julian dates (HJD) and the magnitude difference (Δm) between V and C stars and are listed in Table 2 . With these observed data and a least squares parabolic fitting method, new times of light minima for both objects were determined and listed in Table 3 . In addition, we observed more primary and secondary eclipses with 1.0 m and 60 cm telescopes at YNOs. More new times of light minima were obtained and listed in the Table 3 .
Light-curve Analysis and Solutions
We used the W-D 2013 program (Wilson & Devinney 1971; Wilson 1979 , 1990 , 2012 and Van Hamme & Wilson 2007 ) to analyze light curves of both objects. Based on the Table 11 given by Ramírez & Meléndez (2005) , Gezer & Bozkurt (2016) determined an effective temperature of Star 1 (the star eclipsed at the primary minimum) for TYC 1337-1137-1 as T 1 =6229 K according to the average values of two temperatures calculated with (V − K 2 ) and (V T − K 2 ) colors. Actually, V, K 2 , and V T are magnitudes observed with different photometric systems, sometimes the temperature determined with these color indices will have a significant error. Similarly, Acerbi et al. (2014) estimated the T 1 of TYC 3836-0854-1 to be 6200 K based on the color indices because spectral information was unavailable. During our modeling process, the primary temperatures were taken from the spectral information of the two targets listed in Table 4 released by the Guoshoujing Telescope (the Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST) . T 1 =6400±20 K for the first system and T 1 =6332±52 K for the second one. The gravity-darkening coefficients g 1,2 =0.32 (Lucy 1967) and the bolometric albedos A 1,2 =0.5 (Ruciński 1969) were set for the common convective envelope of both component stars. An internal computation with the logarithmic law was used to obtain the bolometric limbdarkening coefficients and bandpass limb-darkening coefficients.
The mass ratio is a very important parameter. For totally eclipsing over-contact binaries, the mass ratio is welldetermined from light curves because of their steep relative radii-surface potential-mass ratio relationship (Terrell & Wilson 2005) . A common technique called q-search method was used to obtain initial input values of parameters (i.e., the mass ratio q, the orbital inclination i, the mean temperature of Star 2 T 2 , the monochromatic luminosity of Star 1 L 1 , and the dimensionless surface potential Ω 1 = Ω 2 for contact configuration). During the q-search process, a series of trial values of q were assumed. The resulting sum of the squares of the residuals Σ for each q are plotted in the upper part of Figure 2 . It is shown that the minimum values of Σ are achieved at q=0.175, q=0.19, and q=0.20, respectively. The final photometric solutions were obtained and listed in Table 5 by performing a series of differential corrections. Theoretical light curves (color lines) calculated with these solutions are drawn in the lower part of Figure 2 . For TYC 3836-0854-1, all the light curves are symmetric but with a small O'Connell effect (O'Connell 1951) in the short wave band observations, which may be caused by the magnetic activities of surface spots.
Comparing the solutions for multi-color data (Column 3) and single band data (Column 4), the differences between parameters are very small. This indicates that the photometric solutions are generally stable and reliable. Parameters in Column 3 are recommended for TYC 3836-0854-1 because multi-color solutions are generally considered to be more reliable. The results show that both of them are low-mass ratio, deep overcontact binary systems with a mass ratio of q= 0.1716±0.0010 and a high fillout factor of f=76.0± 2.9% for TYC 1337-1137-1, and q=0.1900±0.0032 and f=79.4±7.9% for TYC 3836-0854-1, respectively. Fillout factor is defined as f=(Ω in − Ω star )/(Ω in − Ω out ), where Ω star , Ω in and Ω out are the modified dimensionless potential of star surface, inner Roche lobe and outer Roche lobe, respectively.
The Absolute Parameters
The mass-radius (M-R) relationship was proposed by Zhang et al. (2017) that can be used to calculate the absolute parameters of binaries. The radii relative to the semimajor axis r 1,2 (=R 1,2 /A) and the mass ratio q=M 2 /M 1 , i.e., M 1,2 /M were provided by the light-curve analysis, where M and A are the total mass and semimajor axis of a binary system. Kepler's third law can be regarded as a relationship between M and A since the period of two systems is known. Combined with the parameters M 1,2 /M and R 1,2 /A, the relationships between M 1,2 and R 1,2 for the two contact binaries here are obtained: Note. p refers to the primary minimum and s to the secondary minimum. , which were derived from light-curve analysis . 
The evolutionary code PARSEC 8 provides all the star parameters. We selected the stars with a temperature and metallicity range of 6380-6420 K and Z=0.010-0.012 for TYC 1337-1137-1, 6280-6384 K and Z=0.02-0.025 for TYC 3836-0854-1, respectively. These temperature ranges are the massive component's temperature 6400 K with 20 K error (TYC 1337), 6332 K with 52 K error (TYC 3836), and the metallicity range is measured from the spectral data (i.e., [F e /H] in Table 4 ). M-R diagrams of TYC 1337-1137-1 (left) and TYC 3836-0854-1 (right) are shown in Figure 3 , where the belt areas surrounded by the two green lines are described by Equation (1). Two green lines in each graph are almost coincident, because the errors of parameters derived by the light-curve analysis are very small. The massive components are probably located in the belt area of the black points enclosed by the green lines, and then the absolute parameters are read out from the Figure 3 approximately , and listed in Table 6 . Comparing to the theoretical mean densities of components presented in Table 5 , the mean densities calculated with the masses and radii derived here are in good agreement with them, suggesting that the absolute parameters are correct.
Orbital Period Changes
Orbital period changes for these two systems have been neglected. By using those new times of light minima listed in the Table 3 , four others for TYC 1337-1137-1 (Hubscher et al. 2012; Hubscher 2015; Hubscher & Lehmann 2015; Gezer & Bozkurt 2016) and one for TYC 3836-0854-1 (Acerbi et al. 2014) TYC 1337-1137-1: 
The quadratic terms in Equation (3) reveal a long-term period increase at a rate of dP/dt=+1.04×10 −6 day yr −1 for TYC 1337-1137-1 and dP/dt=+1.11×10 −6 day yr −1 for TYC 3836-0854-1, which are displayed in solid lines in the upper panels of Figure 4 . The residuals are plotted in the lower panels of the Figure 4 , where no variations can be traced.
Discussions and Conclusions
The photometric solutions for TYC 1337-1137-1 and TYC 3836-0854-1 were derived based on multi-color light curves. It is shown that both of them are low-mass ratio, deep overcontact binary systems with a mass ratio of q=0.1716±0.0010 and a high fillout factor of f=76.0±2.9% for TYC 1337-1137-1, and q=0.1900±0.0032 and f=79.4±7.9% for TYC 3836-0854-1, respectively. The degree of contact factors for both systems determined in present paper are larger than the values given by previous authors. The present solutions may be more plausible and reliable, because (1) the spectral information are available here and (2) for TYC 1337-1137-1, our good quality light curves are observed in multi-color and analyzed simultaneously; for TYC 3836-0854-1, photometric solutions of two sets of observations have small differences between most parameters.
By using the M-R relationship from the light-curve analysis and spectral data given by LAMOST, the absolute parameters are reestimated: M 1 =1.386±0.050 M e , M 2 =0.238±0.009 M e , R 1 =1.70±0.04, and R 2 =0.83±0.02 for TYC 1337-1137-1. M 1 =1.20±0.07 M e , M 2 =0.228±0.014 M e , R 1 =1.46± 0.06, and R 2 =0.75±0.05 for TYC 3836-0854-1.
The preliminary changes in orbital period were also discussed by using all available times of light minima. Although the time span of the data is not long, the current data have already reflected a variation of an upward parabolic at a rate of dP/dt=+1.04×10 −6 day yr −1 for TYC 1337-1137-1 and +1.11×10
−6 day yr −1 for TYC 3836-0854-1, respectively. The long-term period increase of such system may be interpreted in two possible ways. A first possibility is mass transfer conservation from the less massive component to the more massive one leading to an orbital period increase. In this case, when their orbital angular momentum is less than three times the total spin angular momentum, i.e., J orb <3 J spin , TYC 1337-1137-1 and TYC 3836-0854-1 may evolve from their current deep overcontact state into a rapidly rotating single star (Hut 1980) . A second possibility is that the parabolic variation in the (O − C) diagram is only a part of a long-period cyclic change caused by a potential third body (Liao & Qian 2010; Chambliss 1992) . In the future, the form of orbital period change needs to be confirmed by more observations.
